To investigate the role of the corticotropin releasing hormone receptor 1 (CRHR1) in patterns of human alcohol drinking and its potential contribution to alcohol dependence, we analysed two independent samples: a sample of adolescents, which consisted of individuals from the 'Mannheim Study of Risk Children' (MARC), who had little previous exposure to alcohol, and a sample of alcohol-dependent adults, who met DSM-IV criteria of alcohol dependence. Following determination of allelic frequencies of 14 polymorphisms of the CRHR1 gene, two haplotype tagging (ht)SNPs discriminating between haplotypes with a frequency of X0.7% were identified. Both samples were genotyped and systematically examined for association with the htSNPs of CRHR1. In the adolescent sample, significant group differences between genotypes were observed in binge drinking, lifetime prevalence of alcohol intake and lifetime prevalence of drunkenness. The sample of adult alcohol-dependent patients showed association of CRHR1 with high amount of drinking. This is the first time that an association of CRHR1 with specific patterns of alcohol consumption has been reported. Our findings support results from animal models, suggesting an importance of CRHR1 in integrating geneenvironment effects in alcohol use disorders.
Introduction
Environmental stress has been suggested to be a risk factor for alcohol abuse, including binge drinking and alcohol dependence. 1, 2 Both clinical and animal studies reported increased drinking following stress. 3, 4 Neuroendocrinological studies provided evidence for a genetic determinant of stress response in alcohol dependence: sons of alcohol-dependent fathers, who have not developed alcohol dependence, show an elevated response to psychosocial stress and are more sensitive to a reduction of the stress response after intake of a moderate dose of alcohol than family negative controls. 5 The stress reaction is mediated via the hypothalamopituitary-adrenocortical (HPA) system. Corticotropin releasing hormone (CRH) is released from the hypothalamus upon exposure to stressful signals and binds to the corticotropin releasing hormone receptor (CRHR1) in the pituitary gland. 6 Alcohol intake leads to an increased secretion of CRH and can stimulate HPA axis activity. 7, 8 The activation of the CRHR1 induces the production of second-messenger cAMP in the target cells and stimulates the production of adrenocorticotropic hormone (ACTH) in the anterior pituitary. 9 The primary target of ACTH is the adrenal gland, where it binds to the ACTH receptors to release glucocorticoids.
The crucial role of CRHR1 was impressively demonstrated by a CRHR1-knockout model: 10 in the absence of a functional CRHR1, the stress response can neither be compensated by any other system, nor by the highly homologous crhr2 receptor. In addition to the effect of CRHR1 on HPA-axis activation, a recent study suggests that CRH1-receptors mediate ethanol-induced enhancement of GABAergic synaptic transmission. 11 Genetic and environmental influences are hypothesised to have an almost equal contribution to the development of alcohol dependence in humans. 12 Given the role of CRHR1 in mediating the stress response, it may act as a principal integrator of genetic and environmental factors to the development and maintenance of specific patterns of alcohol consumption.
In order to determine the role of CRHR1 in human alcohol drinking patterns and its possible contribution to alcohol dependence in humans, we investigated two independent samples for association of CRHR1 and specific alcohol drinking patterns: (a) a sample of adolescents from the 'Mannheim Study of Risk Children' (MARC), who had little previous exposure to alcohol and were assessed for alcohol drinking patterns at the age of 15 years and (b) a sample of alcohol dependent adults, which met DSM-IV criteria of alcohol-dependence. Following determination of allelic frequencies of polymorphisms of the CRHR1 gene, these two independent samples were genotyped and systematically analysed for association of haplotype tagging single nucleotide polymorphisms (ht)SNPs with patterns of alcohol consumption. Here, we report about the association of CRHR1 htSNPs with lifetime prevalence of alcohol consumption, lifetime prevalence of drunkenness, frequency of alcohol consumption and lifetime binge drinking in the adolescent sample, and the amount of alcohol intake in the sample of alcohol-dependent adults.
Materials and methods

Subjects and psychiatric assessment
In the first sample (a) 296 participants (153 females, 143 males) of the MARC, 13 a longitudinal study following children at risk for later psychopathology from birth to adolescence, were investigated. At age 15 years, alcohol consumption during the last 6 months before assessment was measured, using the Lifetime Drinking History Scale (LDH, 14 ). All participants of the MARC are of Central European descendent. Written informed consent was obtained from all participants and their parents. In the second sample 299 patients (mean age 41.58 years; 232 males, 61 females; in six individuals gender was not documented) of central European origin recruited by the Department of Psychiatry of the University of Munich were studied. All patients were treatment seeking, admitted for an inpatient alcohol withdrawal therapy and met DSM-IV criteria for alcohol dependence. Written informed consent was obtained from all individuals when they were in a state of full legal capacity. Interviews were performed by staff members who received intensive rater training. Symptoms related to alcohol dependence were assessed using the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA, 15 ). The amount of alcohol intake was defined as average alcohol intake 1 week before to admission. It was assessed in 227 patients and was used for stratification (median dichotomisation) into subgroups with high ( > 250 g/day) or low alcohol intake (p250 g/day). Both studies were approved by the local ethics committees.
Selection of polymorphisms and in silico analysis of transcription factor binding sites Selection of the polymorphisms was performed using public SNP databases, based on the criterium of equal distribution along the gene. 16,17. For those SNPs, that were located in intronic regions of CRHR1, hypothetical function was assessed using in silico analysis of transcription factor binding sites: both possible alleles of each SNP were tested for their binding capability to human transcription factors. 18 Options employed for the transcription factor binding search using TESS were 21 bases of genomic sequence around each SNP (10 bases on either side of the SNP) and string-based search query with default settings. Recent findings show that transcription factor binding sites may be commonly located in introns or other noncoding regions of the genome. 19 We also ruled out the absence of paralogous intronic regions using electronic polymerase chain reaction (PCR).
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Genotype analysis DNA was prepared from whole blood with standard salting out methods and concentration adjusted with a PicoGreen fluorometric assay (Molecular Probes Inc.). Polymerase chain reaction was performed with HotStarTaq-DNA Polymerase (Qiagen), 4 ng template DNA in a total volume of 25 ml PCR-reaction. Best oligo pairs were selected for the amplification of each SNP by employing design software on the flanking sequences provided by the SNP databases mentioned above. 22 Polymerase chain reaction was performed using standard cycling conditions. Amplified samples were purified using a DNA-purification kit (Invisorb PCR-HTS-96-Kit, Invitek, Berlin) prior to sequencing analysis. Genotyping of the 14 SNPs identified was performed using direct sequencing with an ABI Prism 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Genotyping of the htSNPs was performed using RFLP analysis. Of the samples analysed by RFLP, 5-10% were independently replicated by sequencing to ensure the consistency of the genotyping across different analytical methods.
Statistical analysis
Haplotype scoring and htSNP selection, Hardy-Weinberg equilibrium. Haplotypes and frequencies were computed in the 150 individuals using the expectation maximisation (EM) algorithm as implemented in the program COCAPHASE. 23 We then chose a minimal set of two htSNPs which could distinguish all haplotypes with estimated frequency X0.7%. For differences between actual and expected frequencies of the two htSNPs we employed Hardy-Weinberg equilibrium (HWE) equation as implemented in the DeFinetti Program.
Phenotype variables assessed. Phenotype variables were derived from the instruments mentioned above. Guided by the associations found in the MARC, the amount of alcohol intake was assessed in the sample of the adult alcohol-dependent patients (Table 1) .
Univariate and multivariate analyses. Metrical variables were split into groups at the median value. Cochran-Armitage tests were computed in order to examine possible linear trends in the association between the specific single SNPs and the phenotypic variables. Since in most analyses cells with less than five individuals were observed, tests for association between a single SNP and disease status or other drinking behaviour phenotype variables, respectively, were performed using the exact version of the Cochran-Armitage test for trend. In cases where application of a trend test was not possible, a Fisher exact test was carried out. Using a multifactorial analysis (Typ-III analysis), effects of a combination of the two ht-SNPs (4) and (8) were tested in a logistic regression analysis as implemented in SAS 9.1.
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Power analysis. Post hoc power analyses was performed under the following assumption: (1) The test used for establishing association was ordinary w 2 instead of Cochrane-Armitage. (2) The proportions compared by means of the w 2 test were the observed allele frequencies, which is legitimate under HWE. 26 The calculations were performed asymptotically using a normal approximation to the exact binomial distribution as implemented in the procedure 'power' that is part of the SAS 9.1 software package.
Results
Genetic analysis of the CRHR1 gene
Among the genetic variations of the CRHR1 gene in public databases, we selected 14 SNPs, genotyped them in a group of n = 150 healthy individuals. Figure  1 shows the genomic organisation of the CRHR1 gene and the positions of the genetic variations.
Next, we performed an analysis of linkage disequilibrium (LD) 27 ( Figure 2 ) and a frequency analysis ( Table 2) .
Analysis of the haplotype distribution revealed that two htSNPs were sufficient to discriminate all haplotypes with a frequency X0.7% (Table 3) .
To investigate a possible functional significance of the SNPs identified, a search for transcription factor binding sites using TESS was performed:
18 six out of the 14 SNPs were found to display a binding difference of transcription factors in an allele-specific manner (Table 4) . [28] [29] [30] [31] [32] [33] [34] The six SNPs with potential function are all grouped in one haplotype block, which is defined by htSNP (8) , as shaded grey in Table 3 . htSNP (8) integrates all potentially functional genetic variations investigated in this study. Association of htSNPs with alcohol consumption and binge drinking in the adolescent sample The consumption of the first complete glass of alcohol of the adolescent subjects of the MARC study was at an average age of 13.2371.05 years. The subjects were assessed for an association of the tagging SNPs (4) and (8) with various alcohol consumption patterns (Table  5a ). Confirmatory analyses were performed for lifetime binge drinking, whereas lifetime prevalence of alcohol consumption and drunkenness as well as frequency of alcohol consumption were analysed in an exploratory way. SNP (4) was associated with binge drinking and with lifetime prevalence of drunkenness (Table 5a ). Significant group differences in genotypes of SNP (8) were observed in binge drinking and in lifetime prevalence of alcohol intake as well as lifetime prevalence of drunkenness (Table  5a ). For the clinically relevant parameter of binge drinking, the risk genotype found for htSNP (4) was AA, for htSNP (8) CC. No association of SNPs (4) and (8) with frequency of alcohol consumption (Table 5a) and with measures assessing age of onset of drinking behaviour (data not shown) was observed. Taken together, our results of the association analysis in the adolescent sample suggest a relevance of CRHR1 genotypes for the amount of drinking (binge drinking), but not for the frequency of alcohol drinking. In order to detect a possible interaction of both htSNPs, a logistic regression analysis was performed. Although this multivariate analysis confirmed the associations detected in the univariate analyses, no evidence for an interaction of the two genotypes could be observed: with the genotypes collapsed (frequent homozygotes against a group of heterozygotes and rare homozygotes), logistic regression analysis (split into two groups at the median) revealed that only htSNP(8), but not htSNP(4) contributes to binge drinking (htSNP(4): P = 0.1365; htSNP(8): P = 0.0108; P(global beta) = 0.0043).
Association of htSNPs with enhanced alcohol intake in the sample of adult alcohol-dependent patients Next we assessed the role of CRHR1 htSNPs in an independent sample of adult alcohol dependent patients. We hypothesised that the risk genotypes of CRHR1 htSNPs (4) and (8) are also associated with the increased alcohol intake in adult alcohol-dependent patients. In our second sample, patients with high alcohol intake ( > 250 g/day) were compared to those drinking less than or equal to 250 g/day. The results support our hypothesis in the case of htSNP (8) (Armitage trend test P = 0.0444), but did not reach statistical significance in the case of htSNP (4) ( Table 5b) .
In order to assess the risk of a possible false positive result, we performed post hoc power analyses of SNP 8, which contributes most to the association observed in our two samples. Whereas the adolescent sample had 91% power to detect effects of the observed OR of 2.242 with a P < 0.05, the sample of adult alcoholdependent patients had 39% power to detect the observed OR of 1.506 with a P < 0.05. Both samples had > 90% power to detect the OR of the upper confidence limit (Table 6) .
Discussion
In the present study, a systematic analysis of 14 genetic variations of the CRH-receptor 1 gene was performed and two htSNPs were identified, which discriminate between all estimated haplotypes with a frequency of fX0,7%. These htSNPs were used to genotype an adolescent sample and to analyse associations with patterns of alcohol consumption. In a confirmatory analysis, we found an association with patterns of binge drinking, which was mainly driven by htSNP (8). Our sample had 91% power to detect a < 0.05 at the OR observed. Exploratory analyses revealed associations with lifetime prevalence for drunkenness for both SNPs as well as lifetime prevalence for alcohol intake in SNP (8) . No association was found with measures of frequency of drinking. In a second independent analysis, preliminary evidence is provided for an association of SNP (8) with the amount of alcohol intake in a sample of adult alcohol-dependent patients.
Of particular clinical relevance is the association of both htSNPs with binge drinking, which is an increasingly popular form of alcohol abuse. 35 In various European countries, binge drinking among adolescents has a prevalence rate between 24 and 32%. 36 Owing to its acute and chronic effects, binge drinking raises to be a major public health issue, representing an especially malign form of alcohol abuse.
In addition to the problems arising from acute alcohol intoxications and related diseases, 37 binge drinking is associated with a particularly bad prognosis in terms of later alcohol misuse and alcohol dependence: In a study of 2387 individuals, binge drinking during adolescence was associated with binge drinking at ages 30 or 31 years for both men 
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--Abbreviation: htSNP, haplotype tagging single nucleotide polymorphisms.
The different shades indicate the haplotype blocks represented by SNP 4 and SNP 8, respectively.
Genetic association of the human CRHR1 J Treutlein et al 38 Bonomo et al. 39 reported, that higher persisting teenage rates of binge drinking preceded alcohol dependence in young adults. Another recent study confirmed the predictive value of binge drinking: binge drinking patterns, which were exhibited during the college years posed significant risk factors for alcohol dependence and abuse 10 years after the initial interview. 40 A strong correlation of binge drinking with environmental factors has been described: frequent binge drinking is more closely associated with mental distress, including stress, depression, and emotional problems than other forms of alcohol use. 41 Another study suggests that there is a strong association between use of alcohol to cope with tension and binge drinking. 42 Taken together, our work provides evidence for a genetic contribution of a CRHR1 genotype to binge drinking and suggests an important role of CRHR1 in integrating gene-environment effects in humans. However, to confirm this hypothesis, additional studies need to be conducted, which analyse samples specifically phenotyped for gene-environment interactions.
In humans, CRH is known to mediate unconditioned and conditioned anxiogenic-like behavioural responses to stressor exposure and, thus, influence drug reinforcement and dependence. 43, 44 Exposure to stressors as well as maladaptive responses to stress increase alcohol drinking and relapse behaviour in humans. [45] [46] [47] In congruence with these observations a recent study reported that mice lacking a functional CRHR1 showed enhanced and delayed stress-induced alcohol drinking, which persisted for at least 6 months. 4 The penetrance of the signal resulting from the genetic constitution of CRHR1 in adolescents up to alcohol dependence in the adults, which was found in our samples, supports the persistent effect observed on alcohol drinking in the study by Sillaber et al. 4 On the basis of the results of our study, hypotheses as to the molecular mechanisms resulting in a differential activity of CRHR1 can be generated. For example, CRHR1 SNP 8 alters an intronic binding site for transcription factor Sp1, which regulates transcriptional activation. 48, 49 Intronic transcription factor binding sites, which contribute to intronic enhancers or intronic silencers were found in several genes, 50, 51 including the human serotonin transporter gene, 52, 53 and could also contribute to transcriptional regulation of CRHR1. Therefore, alteration of the Sp1 binding site by SNP 8 may lead to a genotype-specific transcriptional activation resulting in differential amounts of available CRHR1 receptors. Interestingly, a point mutation or deletion of a consensus Sp1 binding site greatly reduces the transcriptional activation of an ethanol responsive gene hsc70. 54 Both, the transcription factor Sp1 55 as well as CRHR1 56 are implicated in plasticity and behaviour and may play a role in the long-term behavioural adaptation to ethanol. 57 On the basis of these findings as well as the behavioural studies in humans and CRHR1 knockout mice, a mechanistic explanation of our results can be proposed: altered availability of CRHR1 receptor caused by the allelic state of SNP 8 could predispose juveniles to alcohol drinking upon stress- Genetic association of the human CRHR1 J Treutlein et al ful stimuli, and exhibit a long lasting effect leading to manifest alcohol dependence classified with DSM-IV in adulthood. In two other recent studies, no association was found between CRHR1 polymorphisms and alcohol dependence. 58, 59 The selection of SNPs in the study of Soyka et al., 58 which analysed personality traits derived from the Cloninger type 1 definition of alcohol-dependent patients, including harm avoidance, reward dependence and novelty seeking, does not correspond to the 14 SNPs represented by our htSNPs, which limits the comparability with our results. Dahl et al. 59 analysed five SNPs of CRHR1, of which two, namely rs1396862 and rs878887, correspond to our SNPs (6) and (13), respectively. In contrast to our study, Dahl et al. 59 tested a relatively small population of 120 alcohol-dependent individuals, which were characterised only for their clinical diagnosis, without further dissection of the specific patterns of alcohol consumption. Therefore, and in particular because alcohol dependence is not a homogeneous disorder, 60 the discrepancies of the results point towards the use of defined phenotype patterns for association analyses and the necessity for development of exact phenotype definitions, based on biological criteria.
